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Abstract
This paper analyzes the relationship between capitalized Research and Development 
(R&D) expenditures under IFRS and innovation performance measured by patent data. 
Under IFRS, development expenditures are capitalized when the success of an R&D 
investment is highly likely. Hence, such capitalization could be a leading indicator for 
future innovation performance. We analyze this question based on a hand-collected sample 
of R&D capitalization data under IFRS and patent data from the European Patent Office’s 
Worldwide Patent Statistical Database. We find that the capitalization rate of R&D is posi-
tively related to future patent applications and citations as measures of future innovation 
performance. We also find a positive association with measures of future financial per-
formance. The results imply that the rate of R&D capitalization is informative and can be 
considered a leading indicator for future innovation performance.

Keywords Earnings management · Innovation · Research and development

1 Introduction

We examine whether R&D capitalization under IFRS1 is related to future economic ben-
efits and analyze its usefulness as a leading indicator for future innovation performance.2 
IAS 38 stipulates that only R&D investments with a high likelihood of success are to be 
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1 Under IAS 38, development expenditures are capitalized when six criteria are cumulatively fulfilled, 
whereas research expenditures are expensed (IAS 38.57). These criteria require economic and technical fea-
sibility of the intangible asset, and that the firm can expect to generate a net economic benefit from the 
investment. For brevity, we refer to “R&D capitalization”.
2 Following prior research (e.g., Ahuja & Katila 2001; Laursen & Salter 2006; Rosenbusch et al. 2019), we 
define innovation performance as a firm’s success in developing and implementing new or superior goods, 
services, processes, or organizational methods (Organization for Economic Co-operation and Development 
OECD, 2005, 46) that allow firms to generate economic benefits.

http://orcid.org/0000-0001-6216-6514
http://crossmark.crossref.org/dialog/?doi=10.1007/s11156-024-01310-3&domain=pdf


418 W. Herb et al.

capitalized. Consequently, if firms reliably estimate their R&D investments’ probability 
of success, higher R&D capitalization rates should be indicative of higher R&D success 
and hence better future innovation performance. However, because the success of R&D is 
highly uncertain and failure is possible even in late stages of development,3 it is difficult for 
firms to reliably estimate an R&D project’s future outcome at the time of the investment. 
It is hence unclear if R&D capitalization is indeed informative about the implications of 
R&D investments for future performance.

Evaluating innovation performance is important for investors since they can earn excess 
returns based on it (Branch and Chichirau 2010; Martens 2023; Matolcsy and Wyatt 2008). 
Capturing innovation performance is difficult and suitable measures have been sought for 
in practice and academia for a long time (e.g., Hagedoorn and Cloodt 2003; Mankin 2007). 
R&D expenditures only partially capture innovation performance due to the high uncer-
tainty of innovation efforts (e.g., Birchall et  al. 2011; Cohen et  al. 2013). Patent data is 
another important measure of innovation performance (e.g., Ahuja and Katila 2001; Chen 
et al. 2023; Griliches 1984; Henderson and Cockburn 1996), but it becomes available only 
after an extensive period of time (Deng et  al. 1999). In contrast, R&D capitalization is 
readily observable at the time of R&D investment and should reflect the firm’s evalua-
tion of the project’s expected economic success. In fact, the standard setter’s intention 
for the capitalization of intangibles is to reveal the firm’s private information on invest-
ment prospects (e.g., Mazzi et al. 2022; Ramanna and Watts 2012). If R&D capitalization 
indeed reflects this private information, then the capitalized portion of R&D will represent 
a leading indicator of innovation performance from which market participants would sig-
nificantly benefit.4 If we find that R&D capitalization is linked to future innovation perfor-
mance, this confirms the standard setter’s intention and provides a leading indicator for the 
prospects of a firm’s R&D investment that can be used in their evaluation. However, due to 
the uncertain nature of R&D investments, their success is difficult to predict.

Prior research finds that R&D capitalization is associated with high uncertainty and 
that R&D accruals are subject to increased estimation error and low reliability (Kothari 
et al. 2002; Amir et al. 2007). The FASB has been concerned that although R&D expen-
ditures provide future benefits on average, this relationship does not apply for each indi-
vidual R&D project and future benefits are largely unrelated to incurred costs (SFAS No. 
2). Recent research on R&D capitalization finds that market participants are skeptical of 
R&D capitalization and do not use the information provided by the accounting (Dinh and 
Schultze 2022; Mazzi et al. 2022).

The extant literature on R&D capitalization, reviewed in detail in Sect. 2, finds conflict-
ing evidence on the link between R&D capitalization and future benefits. This literature is 
based on capital market studies and the premises of the efficient market hypothesis which 
assumes that information is correctly reflected in equity markets. However, there is an 
extensive literature which documents that markets deviate from efficient information pro-
cessing in various ways (e.g., Benartzi and Thaler 1995; Odean 1998; Smith et al. 2000). 

4 Firms severely limit voluntary disclosure on innovation inputs (Graham et al. 2005; Jones 2007). Infor-
mation on innovation outputs becomes public only with a significant time delay (Deng et al. 1999) so that 
investors are often unable to differentiate between “good” and “bad” R&D projects in the period of invest-
ment. R&D investments hence increase information asymmetry (Palmon & Yezegel 2012) and lead to mis-
pricing of R&D-intensive firms (e.g., Eberhart et al. 2004; Lev et al. 2005), large insider gains (Aboody & 
Lev 2000), undervaluation, and subsequent excess returns (e.g., Ali et al. 2012; Chan et al. 2001).

3 For example, a study by Booz & Company shows that only about 1–20% of a firm’s development invest-
ments are successful and reach market phase (Jaruzelski et al. 2012).
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Whether investors correctly perceive R&D capitalization or irrationally disregard capital-
ized R&D for undue fear of earnings management has not been studied yet. To shed light 
on this question, we investigate real economic benefits related to capitalized R&D invest-
ments rather than capital market reactions.

In contrast to prior literature (e.g., Ahmed and Falk 2009; Cazavan-Jeny et al. 2011; Lev 
and Sougiannis 1996), we do not use financial measures of future benefits, such es earn-
ings, but use two more direct measures of innovation performance following prior man-
agement literature (Acs et al. 2002; Goldman et al. 2020): (1) patent applications and (2) 
patent citations. Earnings may capture economic benefits from R&D activities but are also 
subject to numerous other factors including accounting choices and managerial incentives 
(Jaffe 1989; Laursen and Salter 2006). It is difficult to empirically capture a relationship 
between R&D capitalization and future earnings, especially in industries with long innova-
tion cycles, where innovations take a long time to convert into profit and are influenced by 
confounding factors over time (e.g., Gu 2005). We concentrate on patent applications and 
citations as measures of the real effects of R&D investment success.

To address whether R&D capitalization is informative about a firm’s future innovation 
performance, we examine a German sample. Germany is the fourth largest economy world-
wide (IMF 2023) and ranks among the four largest global R&D spenders after the United 
States, Japan, and China (absolute gross domestic spending; OECD 2022). Annual R&D 
spending in Germany has increased from 2.7 to 3.2 percent of GDP during the last decade, 
which is similar to the United States (OECD 2021). Consequently, Germany is a large, 
important economy that is home to numerous R&D-intensive firms. Of the four largest 
global R&D spending nations, only Germany has adopted IFRS: since 1998 firms in Ger-
many have been allowed to voluntarily adopt IFRS for consolidated financial statements 
(e.g., Hung and Subramanyam 2007) and since 2005 IFRS is mandatory for consolidated 
financial statements of publicly listed firms. The accounting for intangibles has been one of 
the main discrepancies of IFRS and national GAAP. Whereas capitalization of internally 
generated intangibles was formerly prohibited under German GAAP, R&D capitalization 
has been a choice similar to IFRS since 2009, but it is still prohibited in the tax accounts. 
The German commercial code defines German GAAP as the basis for tax accounting and 
profit distribution (Ball et  al. 2000), but the consolidated IFRS reports are independent 
from that and exclusively serve the capital market’s information needs. The German capital 
market is well developed and Germany is typically considered to be among the countries 
with the strongest legal enforcement and shareholder protection among the IFRS-adoption 
countries (e.g., Halabi et  al. 2019; Persakis and Iatridis 2017). Consequently, Germany 
offers a well-suited setting to observe the informational features of R&D capitalization 
under IFRS over a long time period. By focusing on one country, we hold country-spe-
cific factors associated with reporting incentives, and accounting properties constant (e.g., 
Ball et al. 2000; Leuz 2003). We use unique patent data from the European Patent Office’s 
Worldwide Patent Statistical Database (PATSTAT) to measure innovation performance. 
We study both the quantity and quality dimensions of innovation performance, proxied by 
patent applications and citations (Ciftci and Zhou 2016; Gu 2005; Hall et al. 2005).

We find that the ratio of capitalized R&D relative to R&D expenditures is significantly 
positively associated with future innovation performance. This relationship is positively mod-
erated by R&D intensity, and hence the level of capitalized R&D positively relates to future 
innovation performance. We further examine how earnings management incentives affect 
this relationship, and split our sample based on whether firms are suspect of benchmark beat-
ing. We find that capitalized R&D is only positively related to future innovation performance 
for non-suspect firms. Our results thus imply that the rate of capitalized R&D is a leading 
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indicator for innovation performance, particularly when firms are unlikely to use R&D capi-
talization to meet earnings targets.

Our study makes two main contributions. First, we contribute to the literature on measur-
ing innovation performance by identifying the capitalization rate as an early indicator. Prox-
ies of innovation performance used in previous literature reflect different stages of innovation 
(Hagedoorn and Cloodt 2003) from innovation input (e.g., R&D expenditures), to innovation 
processes (e.g., project count), and innovation output (e.g., product introductions) (Mankin 
2007). Between these measures, data availability varies greatly. Innovation input such as 
R&D expenditures is generally publicly available, whereas measures of innovation output are 
obtained from surveys (Cosh et  al. 2012; Hagedoorn and Cloodt 2003; Ritala et  al. 2015), 
which introduces subjectivity concerns. While some studies suggest that patents are “the most 
important measure of contemporary firms’ innovative output” (Hirshleifer et al. 2013, p. 633), 
such information is not available for all firms and is published with a significant time delay 
(Deng et al. 1999; Ritala et al. 2015). In comparison, R&D capitalization is both timely and 
easily available public information. Also, R&D capitalization is denominated in monetary 
units and may thus be easier for market participants to interpret and relate to future economic 
outcomes (Gu 2005). Since capitalized R&D is positively associated with patent quantity and 
quality, two established measures of innovation performance (e.g., Acs et al. 2002), we add to 
the innovation literature by showing that the current rate of R&D capitalization can serve as a 
predictor of future innovation performance.

Second, we add to the literature on the accounting for intangibles (e.g., Lev and Sougian-
nis 1996; Markarian et al. 2008; Mazzi et al. 2022) by demonstrating that R&D capitaliza-
tion under IFRS is indeed linked to future economic benefits and reveals the firm’s private 
estimates for the success of the R&D project. Our study differs from prior literature in that we 
use more direct measures of R&D success and thus provide an answer to the previously unre-
solved question on the usefulness of R&D capitalization. Extant studies of R&D capitalization 
under IFRS focus on capital market effects and test for the association of capitalized R&D 
with future economic benefits only indirectly, based on market reactions, which are linked to 
investors’ expectations when the efficient market hypothesis holds. Whereas prior evidence 
suggests that investors question the informativeness of R&D capitalization (e.g., Mazzi et al. 
2022), our results imply that investors can reliably use capitalized R&D to infer future eco-
nomic benefits for firms that are not suspect of benchmark beating. Since prior research finds 
that market participants can correctly discern whether R&D capitalization is driven by earn-
ings management motives (Kreß et al. 2019; Dinh et al. 2016), they can identify suspect firms. 
These findings are relevant for standard setters and imply that R&D capitalization can benefit 
from measures that limit discretion in R&D capitalization.

The remainder of the paper is organized as follows: Sect. 2 presents the theoretical back-
ground and derives the hypotheses. Sections  3 explains the research design and Sect.  4 
describes the sample. Sections 5 and 6 present the empirical results. Section 7 contains con-
cluding remarks.

2  Related literature

2.1  R&D capitalization

Despite intensive research on the matter, the accounting for R&D remains a controversial 
issue. Advocates for R&D capitalization suggest that full expensing is misleading about the 
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investment character of R&D expenditures (e.g., Lev and Sougiannis 1996; Penman and 
Zhang 2002).5 In line with these arguments, IAS 38 requires capitalization of development 
expenditures when six criteria are cumulatively fulfilled. These criteria require firms to 
intend to and possess the resources to complete the intangible asset, and to be able to dem-
onstrate technical and commercial feasibility, reliable measurement of expenses, and how 
the intangible asset will generate economic benefits (IAS 38.57). However, opponents to 
R&D capitalization argue that R&D investment benefits are highly uncertain (e.g., Kothari 
et al. 2002). More specifically, standard setters are concerned that although R&D expendi-
tures provide future benefits on average, this relationship does not apply for each individual 
R&D project and future benefits are largely unrelated to incurred costs (SFAS No. 2). Con-
sequently, U.S. GAAP prohibits the capitalization of R&D expenditures (SFAS No. 2),6 
except for software development expenditures (SFAS No. 86). Consistent with this view, 
prior literature documents that R&D investments lead to higher future earnings variability 
than investments in property, plant, and equipment (Amir et al. 2007; Kothari et al. 2002).

Only few studies investigate future economic benefits associated with capitalized R&D 
and are limited to national GAAP. Some studies find that capitalized R&D expenditures 
are related to higher future accounting performance. In a sample of firms under Austral-
ian GAAP, capitalized R&D is related to lower future earnings variability than expensed 
R&D (Ahmed and Falk 2009; Thomas et  al. 2010). Also, reported capitalized software 
development costs (Aboody and Lev 1998) and as-if capitalized R&D assets under U.S. 
GAAP are positively related to future earnings (e.g., Ciftci and Zhou 2016; Lev and Sou-
giannis 1999; Penman and Zhang 2002). Conversely, Cazavan-Jeny et al. (2011) document 
that R&D capitalization under French GAAP is generally not or only negatively related to 
future accounting-based performance measures.

Most studies on R&D capitalization investigate its value relevance and hence only 
indirectly test for future economic benefits based on capital market reactions. Most of 
these studies are based on capitalized R&D under national GAAP and provide contradic-
tory evidence. Under U.S. GAAP, capitalized software development costs (Aboody and 
Lev 1998) and as-if capitalized R&D are positively related to future stock returns (e.g., 
Ciftci and Zhou 2016; Lev and Sougiannis 1999; Penman and Zhang 2002). Outside the 
United States, empirical evidence indicates that capitalized R&D expenditures under some 
national GAAPs are value relevant (e. g., Ahmed and Falk 2006; Callimaci and Landry 
2004; Smith et  al. 2001) and that capitalizing firms’ stock prices are more informative 
compared to expensing firms’ (Oswald and Zarowin 2007).7

In contrast, a large body of literature challenges the value relevance of R&D capitaliza-
tion (Ali et al. 2012). R&D capitalization was found to add to the complexity of forecasting 
earnings due to uncertain capitalized amounts, amortization rates, and impairment charges 
(Wrigley 2008), such that analysts’ forecast errors increase (Dinh et al. 2015; Aboody and 
Lev 1998) and earnings quality decreases (Ciftci 2010). Cazavan-Jeny and Jeanjean (2006) 
document negative investor reactions to R&D capitalization for a sample of French firms 

5 Ali et  al. (2012) find that even professional analysts are misled, and their forecasts underestimate the 
future benefits of R&D expenditures.
6 Before 1975, firms reporting under U.S. GAAP could choose between expensing and capitalizing R&D 
investments (Daley and Vigeland 1983). Most firms used R&D expensing (e.g., Horwitz and Kolodny 
1980; Vigeland 1981).
7 Capitalized intangible assets have also been shown to be related to lower analysts’ forecast errors and 
forecast dispersion (e.g., Anagnostopoulou 2010 under U.K. GAAP; Matolcsy and Wyatt 2006 under Aus-
tralian GAAP). Dinh et al. (2015) find a similar effect of capitalized R&D on analysts’ forecast errors only 
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and Chan et al. (2007) find that R&D capitalization is perceived as bad news in a sample of 
Australian firms.

Research on R&D capitalization under IFRS is limited to few studies. Mazzi et  al. 
(2019) is the only study we are aware of that analyzes the association of future profitabil-
ity and R&D capitalization, but their focus is on the influence of corruption, based on the 
notion that higher levels of corruption facilitate opportunistic R&D capitalization. In their 
sample for 2006–2010 of firms with mandatory IFRS adoption in 2005, they find a positive 
relation between capitalized R&D and future operating earnings, which is negatively mod-
erated by the countries’ level of corruption. Whereas their broad sample of 20 countries is 
well suited to study the influence of corruption, the comparison across diverse institutional 
and technological backgrounds over a relatively short time period impedes general conclu-
sions on the economic benefits associated with R&D. The consequences of R&D activities 
typically take a long time until fruition. We therefore study an extended time frame over 
two decades with varying time lags and concentrate on one country with R&D-intensive 
firms. Moreover, we use more general measures of future economic benefits.

Most studies focus on capital market effects. Dinh and Schultze (2022) find that market 
participants price overall R&D expenditures rather than capitalized R&D and Dinh et al. 
(2016) find that capitalized R&D is only priced when firms are unlikely to use capitaliza-
tion for earnings management purposes in a German sample. Kreß et al. (2019) confirm 
this finding for the debt market. Tsoligkas and Tsalavoutas (2011) document that capital-
ized R&D under IFRS is value relevant in a sample of U.K. firms, where IFRS adoption 
has led to a switch from optional R&D capitalization under U.K. GAAP to mandatory con-
ditional capitalization under IFRS. Dargenidou et al. (2021) find that this regime change 
led to a decrease of the association between current stock returns and future earnings for 
capitalizing firms, which implies that capitalized R&D under IFRS contains less informa-
tion about future earnings than under U.K. GAAP. Oswald et al. (2022) further find that the 
regime change led to a decrease in R&D expenditures for firms that switched from expens-
ing R&D prior to IFRS adoption to capitalizing under IFRS.

These capital market studies are based on the premises of the efficient market hypothesis 
and assume that information is correctly reflected in equity markets. However, the literature 
also documents that markets often deviate from efficient information processing, including 
individual (e.g., Benartzi and Thaler 1995; Odean 1998) and systematic irrationality, like 
market sentiment and bubbles (e.g., Ciccone 2011; Shiller 1984; Smith et al. 2000). It is yet 
unclear whether investors correctly perceive R&D capitalization, and it truly reflects future 
economic benefits deriving from R&D. Reportedly, analysts are weary of R&D capitali-
zation for fear of earnings management (AIMR, 1994; Entwhistle 1999; Goodacre 1991; 
Haller et al. 2008). Since evaluating the criteria for R&D capitalization under IFRS entails 
subjective judgment, IAS 38 leads to a de-facto choice to capitalize (Dinh and Schultze 
2022; Kreß et al. 2019; Mazzi et al. 2019). Markarian et al. (2008) document that R&D 
capitalization is used to beat earnings targets and investors have been found to react nega-
tively to R&D capitalization for fear of earnings management (e.g., Cazavan-Jeny et  al. 
2011; Prencipe et  al. 2008). It is to date not clear whether market participants irration-
ally disregard capitalized R&D, or whether they rationally discount this information due 

Footnote 7 (continued)
for firms which operate in a highly uncertain environment in a sample of German firms. Further support for 
the informativeness of R&D capitalization is provided by Mohd (2005) for capitalization of software devel-
opment expenditures under SFAS No. 86.
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to their insights into an opportunistic use of managerial discretion. Consequently, we focus 
on more direct measures of future economic benefits from capitalized R&D to eliminate 
potentially confounding factors related to the investors’ information processing.

2.2  The role of innovation for firm performance

Innovation is often considered crucial for firm growth and sustained profitability (Rous-
seau et al. 2016). Hence, firms invest in R&D projects to become and remain innovative. 
However, R&D investments may fail during development or upon market introduction (Ely 
et al. 2003). Since R&D investments are firm specific, liquidation values in case of pro-
ject failure are generally negligible (Carpenter and Petersen 2002). Future benefits of R&D 
investments are highly uncertain (Kothari et  al. 2002; Thomas et  al. 2010) and realized 
with a substantial time lag (e.g., Chan et  al. 2001; Ciftci 2012; Duqi et  al. 2011). This 
complicates forecasting and the valuation of R&D-intensive firms (Rousseau et al. 2016), 
and leads to information asymmetry (Aboody and Lev 2000; Ciftci et  al. 2011; Palmon 
and Yezegel 2012). Since active markets for investments in innovation activities that could 
aggregate private information and provide efficient market prices do not exist (Aboody and 
Lev 2000; Gu and Wang 2005), idiosyncratic risk, stock return volatility (Chan et al. 2001; 
Duqi et al. 2015; Mazzucato and Tancioni 2008, 2012), earnings volatility, and earnings 
forecast variability (Chambers et al. 2002; Gu and Wang 2005) are higher for R&D-inten-
sive firms.

Short-term oriented market participants often do not sufficiently value future benefits of 
innovation activities (Bae and Kim 2003; Hall and Hall 1993). As a result, R&D-intensive 
firms are often undervalued (Ali et al. 2012; Ciftci et al. 2011; Duqi et al. 2015) and pro-
vide substantial and persistent excess returns (Chan et al. 2001; Chambers et al. 2002) that 
compensate investors for the specific risk of R&D-intensive firms (Chambers et al. 2002; 
Lev & Sougiannis 1999). Investors are interested in evaluating firms’ innovation perfor-
mance, since innovation performance is not fully reflected in market prices and investors 
who are able to assess innovation performance early can earn excess returns (Branch and 
Chichirau 2010; Cohen et al. 2013).

2.3  Measuring innovation performance

A large body of literature examines innovation (see Adams et  al. 2006 and Díaz-García 
et  al. 2015 for literature reviews), but the results are frequently inconsistent (Hagedoorn 
and Cloodt 2003) due to the various indicators used to capture innovation. Identifying a 
generally accepted measure of innovation performance has long been a concern in both 
research and practice (Bhattacharya 2016; Mankin 2007). Prior literature has used R&D 
input, such as R&D expenditures, intermediate proxies such as patents, and output meas-
ures, such as new product introductions, and firm profit (e.g., Acs et al. 2002; Chen et al. 
2023; Gu 2005; Michalisin 2001) as a proxy of innovation performance.

Prior literature documents that R&D expenditures are positively related to firm innova-
tion (e.g., Audretsch and Acs 1991) and economic growth (e.g., Gumus and Celikay 2015; 
Bilas et  al. 2016). However, firms with higher R&D spending are not necessarily more 
innovative (e.g., Hammar and Belarbi 2021; Hansen 1992) since R&D outcomes are gener-
ally uncertain and firms’ abilities to generate benefits from R&D investments depend on 
numerous factors (e.g., Jaffe 1989; Chen 2004). Hence, R&D expenditures are considered 
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insufficient for evaluating innovation performance on the firm-level (Chan et  al. 2001; 
Ciftci et al. 2011; Guo et al. 2006).

Patents provide additional information beyond R&D expenditures (Branch and Chichi-
rau 2010) and are widely used to measure innovation performance (e.g., Balsmeier et al. 
2017; Cohen et al. 2013). A patent represents the exclusive temporary right to exploit an 
innovation (Hall 2007). Patents are directly linked to innovation activities (Pakes 1985; 
Trajtenberg 1990) and they are not subject to regulation and managerial discretion (Lee 
and Chen 2009; Zirger and Maidique 1990). Patents are value relevant (Bloom and Van 
Reenen 2002; Ciftci and Zhou 2016) and positively related to future excess returns (Hir-
shleifer et  al. 2013), which suggests that patent applications quantify the value of firms’ 
proprietary rights and ideas (Schankerman and Pakes 1986).

While patent applications reflect innovation output quantity, patent applications neglect 
heterogeneity in patent quality (Griliches 1990) and the value of patented innovations 
(Comanor and Scherer 1969; Lanjouw et al. 1998). Since the distribution of patent value 
is skewed to the left (Schankerman 1998; Scherer & Harhoff 2000) and the value of a pat-
ented innovation may change over time (Lanjouw and Schankerman 2004), it is important 
to also consider the quality of innovation performance and account for patent value (Hall 
et al. 2005; Pandit et al. 2011). Like academic citations, forward citations, i.e., the number 
of patents that refer to a preceding patent, highlight its impact and innovative contribution 
(Albert et al. 1991; Trajtenberg 1990). Patent citations are positively associated with firm 
market value (Hall et al. 2005; Sandner and Block 2011), future productivity and earnings 
(Bloom and Van Reenen 2002; Gu 2005), and changes in current financial performance 
(Narin et al. 1987). Also, patent citations are negatively related to the volatility of future 
operating performance (Pandit et  al. 2011) and market participants value R&D expendi-
tures more strongly when patent citations are high (Ciftci and Zhou 2016; Hirschey et al. 
2001).

Overall, numerous studies document that patents provide information on innovations 
and use patent data as a measure of innovation performance (e.g., Balsmeier et al. 2017; 
Brav et al. 2018). However, information on patents is only available with a significant time 
delay (Deng et  al. 1999). While the delay does not impede using patent data in ex post 
analyses of innovation, it limits its usefulness for evaluating firms’ future innovation per-
formance based on timely information.

3  Hypotheses development

Prior literature finds that innovation is critical for a firm’s success, and R&D activities 
crucially contribute to innovation and profitability, but not all R&D is equally successful. 
However, timely measures of innovation performance that could help investors evaluate a 
firm’s R&D activities are hard to find. The literature has yet to investigate whether R&D 
capitalization provides a readily observable measure that indicates the managements’ cur-
rent estimate of the future success of R&D activities. Research on the decision usefulness 
of R&D capitalization has focused on its capital market effects, but the evidence is mixed. 
In particular, market participants neglect information on capitalized R&D, but it is not 
clear whether these findings are due to investors’ rational responses to inherent uncertain-
ties in R&D and potential managerial opportunism, or whether investors irrationally disre-
gard information on R&D capitalization. We address this question by examining whether 
capitalized R&D is related to real economic benefits as captured by patent information.
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The intention of the standard setter is that R&D capitalization should reveal the manag-
ers’ private information on the R&D activities’ likely success (e.g., Ramanna and Watts 
2012). Managers have access to more detailed and timely information than investors and 
may choose to share this information if they expect desirable market reactions (Connelly 
et al. 2011). Prior literature argues that accounting choice is a suitable mechanism to reveal 
private information and that R&D capitalization can signal the prospects of R&D success 
(e.g., Fields et  al. 2001; Lev and Zarowin 1999). IAS 38.57 stipulates capitalization of 
development expenditures only for economically and technologically feasible projects with 
an expected net benefit for the firm. Under these rules, the capitalization of R&D would be 
legitimate only if management expects an R&D project to generate future economic ben-
efits for the firm.

R&D investments are a fundamental step to create and boost innovation to bolster the 
long-term profitability of the firm (Rousseau et al. 2016). Prior literature documents that 
patents as a measure of innovation performance lead to higher firm performance (e.g., Gu 
2005; Hirshleifer et  al. 2013), but it has not yet examined the relation between capital-
ized R&D and patents. If R&D capitalization reflects managers’ private information on 
the expected success of R&D, then the capitalized portion of R&D will represent a leading 
indicator of innovation performance. Given that patents as a measure of innovation perfor-
mance are positively associated with future firm performance,8 R&D capitalization will 
be associated with future firm performance if it is positively associated with innovation 
performance.

However, R&D investments are inherently uncertain (Kothari et al. 2002; Thomas et al. 
2010) and managers may be unable to reliably estimate an R&D project’s success potential. 
Additionally, the criteria for R&D capitalization under IAS 38 entail significant manage-
ment discretion and provide the opportunity for managers to opportunistically capitalize 
R&D to manage earnings (Kreß et al. 2019; Mazzi et al. 2019). If this is indeed the case, 
capitalized R&D will not be related to future innovation performance. Consistent with the 
standard setter’s intention, we test whether R&D capitalization reveals managements’ pri-
vate information about the prospects of R&D activities and hence represents a leading indi-
cator of innovation performance. We hypothesize9:

H1: The rate of R&D capitalization is positively related to future innovation performance.

H1 investigates the rate of capitalized R&D rather than the level of capitalized amounts 
since high capitalized amounts could be the result of high R&D investments and low suc-
cess potential, or the result of low R&D investments and high success potential. Follow-
ing the proposition that larger firms have comparative advantages in generating benefits 
from R&D investments (Schumpeter 1942), a large body of literature has examined R&D 
scale effects based on the inherent link between R&D investment scale and firm size. 
While patent-based innovation output relative to R&D investments is generally higher for 
smaller firms (e.g., Cohen and Klepper 1996; Jensen and Webster 2006), prior literature 
also documents that larger firms benefit from spillover and cost-spreading effects (Hen-
derson and Cockburn 1996) and systematically higher future economic benefits related to 

8 We verify this result of prior research for our sample in additional analyses (Sect. 5).
9 We investigate the rate of capitalized R&D rather than the level of capitalized amounts because high 
R&D capitalization amounts could be the result of high R&D investments with low success potential, or the 
result of low R&D investments with high success potential.
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R&D investments (Ciftci and Cready 2011). These studies rely on firm size to examine the 
marginal productivity of R&D. However, firms with similar sizes may vary with respect to 
R&D intensity, i.e., relative R&D spending. We thus directly examine how the level of cap-
italized R&D is related to future benefits and test the moderating effect of R&D intensity.

Prior literature finds that R&D intensity positively affects future earnings (Ciftci and 
Cready 2011), excess stock returns, and their persistence (e.g., Anagnostopoulou and 
Levis 2008; Asthana and Zhang 2006). Consistent with these results and prior literature 
on R&D scale effects (e.g., Ciftci and Cready 2011; Cohen and Klepper 1996; Henderson 
and Cockburn 1996), we propose that R&D intensity moderates the relation between the 
R&D capitalization rate and future innovation performance. All else equal, a firm with low 
relative R&D spending and a high capitalization rate is likely to achieve lower innova-
tion performance and generate smaller benefits for investors than a firm with high relative 
R&D spending, e.g., because firms with high relative R&D spending benefit from spillover 
effects. Consequently, we expect that R&D capitalization is more strongly associated with 
future innovation performance when R&D intensity is high. This also implies that the level 
of R&D capitalization as the product of the R&D capitalization rate and R&D expendi-
tures is positively associated with future innovation. We hypothesize:

H2: The positive association of the rate of R&D capitalization and future innovation per-
formance is positively moderated by R&D intensity.

Above, we hypothesize that R&D capitalization can reveal managers’ private infor-
mation and signal the prospects of R&D activities. However, since R&D capitalization 
involves managerial discretion, it provides the opportunity to manage earnings. Managers 
may opportunistically capitalize R&D expenditures to achieve short-term earnings targets, 
as documented in prior studies (e.g., Markarian et  al. 2008). Also, managers may prefer 
not to capitalize R&D expenditures to avoid disclosing proprietary information to their 
competitors (Graham et al. 2005; Jones 2007). Consequently, capitalized R&D may not be 
related to expected future benefits of the project due to the managements’ opportunistic use 
of accounting discretion.

Managers can expect sanctions for unjustified capitalization when impairments in later 
periods reveal prior earnings management (Knauer and Wöhrmann 2016).10 These negative 
consequences to unjustified R&D capitalization encourage truthful reports about expected 
R&D success. Consequently, unjustified R&D capitalization is more likely to occur when 
managers have incentives to manage earnings. Prior literature has identified three com-
mon earnings targets that are related to accruals-based earnings management (e.g., Dinh 
et al. 2016; García Osma and Young, 2009): managers aim to report earnings above zero, 
previous year’s earnings (Burgstahler and Dichev 1997), and analysts’ forecasted earnings 
(Dechow and Skinner 2000). When current earnings are below one of these earnings tar-
gets, managers have incentives to exploit their discretion in R&D capitalization to increase 
earnings (Dechow and Skinner 2000). We thus expect that capitalized R&D is only related 

10 Detecting earnings management with respect to R&D capitalization is difficult since R&D investments 
are inherently uncertain and R&D projects may fail in periods after capitalization despite managers having 
reasonably expected project success. Prior literature finds that managers are sometimes unable to correctly 
predict R&D success (Cazavan-Jeny et al. 2011) such that impairment of R&D capitalization is not neces-
sarily due to false signals in the past (Dinh et al. 2016).
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to future innovation performance in the absence of earnings management motives and 
hypothesize:

H3 The association of the rate of R&D capitalization and future innovation performance 
is present only for firms not suspect of earnings management.

4  Research design

4.1  Measurement of innovation performance

Prior studies on R&D capitalization in national settings have used sales growth (Cazavan-
Jeny et al. 2011) and future earnings (Ahmed and Falk 2009; Lev and Sougiannis 1996) to 
examine whether R&D capitalization provides information about future benefits. Earnings 
capture economic benefits from R&D activities (Laursen and Salter 2006), but they are a 
lagging proxy of innovation success (Mankin 2007) that is also subject to numerous other 
factors (Jaffe 1989), including accounting choices, and managerial incentives. Especially 
in industries with long innovation cycles (e.g., pharmaceuticals; Gu 2005), confound-
ing factors influence lagging proxies over time. It is thus difficult to empirically capture a 
relationship between R&D capitalization and future earnings. We use earnings to analyze 
the informativeness of capitalized R&D in additional analyses only. In our main analy-
ses, we use two more direct measures of innovation performance following prior man-
agement literature (Acs et al. 2002; Goldman et al. 2020) to address concerns related to 
reporting incentives that may simultaneously affect R&D capitalization and other account-
ing choices: (1) patent applications and (2) patent citations. We use patent applications to 
measure the quantity of a firm’s innovation performance because patent applications are 
closely related to the period of innovation. Since patent applications are costly, they reflect 
a firm’s expected innovation success (Archibugi 1992) and indicate valuable innovation 
with high probability of (commercial) success.11

In addition to patent applications, we use patent citations to measure the quality of inno-
vation performance. Following Ciftci and Zhou (2016), we use patent citations received 
in the first five years after patent publication.12 Since the probability of patent citations 
increases over time (van Zeebroeck 2011), we ensure that the sample period spans at least 
five years after patent publication (Hall et  al. 2002) such that recent patents do not suf-
fer from truncation effects. Patent citations also depend on the patent’s industry sector 
and technology field (Hall et al. 2002). To account for these differences, we follow prior 
research and weight patent citations with the average citation for patents from the same 
year and industry in our sample (e.g., Gu 2005; Pandit et al. 2011).

11 One of the three patent criteria of the European Patent Office and the German Patent Office explicitly 
requires that industrial application of the invention is likely (§1 German Patent Code; §52 European Patent 
Convention). Similarly, capitalization of an R&D investment under IAS 38 requires a high probability of 
success. Capitalization is compulsory in the case of technical and commercial feasibility of the asset.
12 The 5-year-period is also consistent with the finding that R&D expenditures influence future earnings for 
approximately 5 years (Lev and Sougiannis 1996).
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4.2  Capitalization and innovation performance

We analyze the relation between a firm’s R&D capitalization rate in t = 0 and future inno-
vation performance (H1) based on the following equation:

Innovation performance InnoPerfi,t+1+m is a firm’s success in producing innovative 
outcomes in year t + 1, observable m years later. In Eq.  (1), we use two different meas-
ures for InnoPerf: the number of patent applications13 per million EUR of adjusted total 
assets (PA) as a proxy for quantitative InnoPerf and patent citations per million EUR of 
adjusted total assets (PC) as a qualitative measure of InnoPerf.14 Since patenting activities 
are only observable in later periods, we introduce a time lag m, where m represents the 
time between innovation performance in t + 1 and the period when future innovation per-
formance becomes observable in t + 1 + m. Since patent applications will only be reported 
18 months after application (e.g., §31 German Patent Code; §93 European Patent Conven-
tion; 35 U.S. Code §122), we use a time lag of 1.5 years (m = 1.5) for PA. A patent can only 
be cited after publication. Consequently, patent citations received in the first five years can 
be observed 6.5 years after patent application (m = 6.5). To measure InnoPerf in t = 1 based 
on the number of patent citations, we use patent citations in t + 7.5 years (PCt+7.5).

The R&D capitalization rate CAPRatei,t is the rate of total R&D expenditures (expensed 
R&D + capitalized R&D) that is capitalized by firm i in year t and reflects the share of 
R&D investments with a high probability of success. A firm’s R&D intensity in year t 
RDinti,t is total R&D expenditures divided by sales and reflects the firm’s financial involve-
ment in R&D. The interaction term CAPRatei,t * RDinti,t is the level of R&D capitalization 
and captures potential moderating effects of R&D intensity on the relation between the 
R&D capitalization rate and innovation performance. Following Hayes (2013), we center 
RDint at its mean to ease the interpretation of β1(RDint�

i,t
= RDint

i,t−meanRDinti,t)
15

We control for a firm’s cross listing, board independence, market-to-book-ratio, size, 
age, leverage, and profitability consistent with prior research on the factors that influence 
firms’ R&D capitalization and the transformation of R&D input into R&D output (e.g., 
Chauvin and Hirschey 1993; Ely et al. 2003; Hirschey and Spencer 1992). CROSSi,t is the 
number of countries firm i’s stock is listed in in year t. BOARDIndi,t equals 0/1/2 if firm i’s 
former CEO is not a member of firm i’s supervisory board/is a member of firm i’s supervi-
sory board/is the chairman of firm i’s supervisory board in year t. MBi,t is a firm’s market-
to-book equity ratio in year t. SIZEi,t is the natural logarithm of a firm’s total assets in year 
t. AGEi,t is the natural logarithm of firm i’s age in year t. LEVi,t is firm i’s debt divided 
by total assets, and PROFi,t is firm i’s return on assets in year t. Prior research finds that 
CROSS is negatively related to information asymmetry (e.g., Hope 2003; Lang et al. 2003), 

(1)

InnoPerf
i,t+1+m = �0 + �1CAPRatei,t + �2RDint

�

i,t
+ �3CAPRatei,t ∗ RDint

�

i,t

+ �4CROSSi,t + �5BOARDIndi,t + �6MB
i,t + �7SIZEi,t

+ �8AGEi,t + �9LEVi,t + �10PROFi,t + IND + YEAR + �
i,t

13 Every invention (patent family) is counted only once irrespective of the number of patent applications 
for a specific invention at different patent offices,
14 All patent measures (patent applications and patent citations) are deflated by the firm’s adjusted total 
assets.
15 This transformation does not affect the size and significance of β2 to β8 (Hayes 2013).
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we hence expect capitalized R&D to be more informative for cross listed firms. BOARD-
Ind captures whether the supervisory board can mitigate earnings management (e.g., 
Amran et al. 2009; Chen and Roberts 2010), and we expect capitalized R&D to be more 
informative when the previous CEO is not a member of the supervisory board. We con-
trol for CROSS and BOARDInd to capture agency conflicts that influence firms’ discretion-
ary R&D capitalization decisions, but we do not predict a directional effect on InnoPerf. 
MB captures growth opportunities and market expectations (Tidd et al. 1996; Gross et al. 
2024); we hence expect a positive effect. Evidence on the effect of SIZE is mixed: prior 
research documents positive (e.g., Chauvin and Hirschey 1993; Scherer 1965) and negative 
(Cohen and Klepper 1996; Hirschey and Spencer 1992) effects on innovative activities. We 
thus do not predict a directional effect of SIZE. Mature firms typically have larger patent 
portfolios since they have had more time to innovate, and R&D projects may be further 
along in the process to patent application (Ely et al. 2003; Hand 2001). Conversely, Bran-
cati (2015) documents that younger firms are more innovative, hence we do not predict a 
directional effect of AGE. Consistent with Xin et al. (2019), we expect a negative effect of 
LEV, since debt financing requires firms to reveal proprietary information on innovative 
activities. PROF captures firms’ previous and current innovation performance and controls 
for firms’ capability to internally fund R&D projects (Brancati 2015). We thus expect a 
positive effect of PROF on innovation performance. Equation (1) further includes industry 
(IND) and year (YEAR) fixed effects. Consistent with prior literature, the book value of 
assets and the book value of equity are adjusted to values before R&D capitalization. We 
use panel data in all regression analyses to account for potential unobserved heterogeneity 
and report robust standard errors to mitigate potential heteroscedasticity.

First, we test Eq.  (1) based on an OLS regression model with robust standard errors 
and industry and year fixed effects to explore the effect of CAPRate at the mean of RDint. 
Additionally, we also apply the Johnson-Neyman technique to test for which values of the 
moderator RDint an insignificant conditional effect of CAPRate on InnoPerf becomes sig-
nificant or vice versa (Hayes 2013; Preacher et  al. 2006). These transition points define 
regions of RDint for which the effect of CAPRate on InnoPerf is significantly different 
from zero.

Second, to safeguard against omitted variables and the correlation of CAPRate with the 
error term, we instrument CAPRate and apply a 2SLS approach. Following prior literature, 
we use the lagged share of capitalized R&D (LagCAPRate), CROSS and BOARDInd as 
instrumental variables (IV) (e.g., Dinh et al. 2016; Dinh & Schultze 2022; Markarian et al. 
2008) in the first stage of our main model:

Consistent IV estimations require relevant and exogenous IVs (Stock and Watson 2019), 
i.e., LagCAPRate, CROSS, and BOARDInd need to be correlated with CAPRate, but not 
with the second stage error term (Larcker and Rusticus 2010). Following prior research (e.g., 
Dinh and Schultze 2022; Markarian et al. 2008), LagCAPRate is our main instrument, since 
lagged variables can be considered economically exogenous (Harjoto and Jo 2015; Larcker 
and Rusticus 2010). R&D capitalization likely follows a continuous pattern over time, such 
that LagCAPRate influences CAPRate but not future InnoPerf. Cross listing has been shown 
to affect financial reporting decisions and reduce information asymmetry (e.g., Hope 2003; 
Lang et al. 2003), since cross listed firms are subject to more vigorous regulatory oversight. 

(2)

CAPRatei,t = �0 + �1RDint
�
i,t

+ �2LagCAPRatei,t + �3CROSSi,t + �4BOARDIndi,t + �5MB
i,t

+ �6SIZEi,t + �7AGEi,t + �8LEVi,t + �9PROFi,t + IND + YEAR + �
i,t
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We thus expect CROSS to mitigate opportunistic R&D capitalization and propose a negative 
effect on CAPRate. However, while CROSS is related to accounting decisions, it is largely 
independent of (unobserved) effects on innovation processes. We further use BOARDInd as 
a third IV, since prior research argues that board independence can mitigate agency problems 
such as earnings management (e.g., Amran et al. 2009; Chen and Roberts 2010). BOARD-
Ind is higher when the supervisory board is more closely associated with the management 
team, and we expect that a board is more likely to mitigate (opportunistic) R&D capitaliza-
tion when it is more independent. Hence, we propose a positive coefficient for BOARDInd. 
Similar to CROSS, we argue that while BOARDInd affects accounting decisions, it is less 
likely associated with innovation output. The time lag between current R&D capitalization 
and future innovation performance also alleviates potential endogeneity concerns.

We use these instruments to run the first stage regressions of our 2SLS model. All con-
trol variables of the main model are also included in the first stage. The second stage then 
uses instrumented CAPRate to analyze the relation between a firm’s R&D capitalization 
rate in t = 0 and future innovation performance (H1) based on the following equation:

4.3  Earnings management and innovation performance

We further examine whether the relation between a firm’s R&D capitalization rate and future 
innovation performance is stronger for firms not suspect of earnings management (H3). We fol-
low García Osma and Young (2009), Dinh et al. (2016) and split the sample into two subsam-
ples based on the dummy variable EMSuspect, which captures whether a firm is likely to use 
R&D capitalization to meet earnings targets. Analysts’ consensus earnings forecast, prior year’s 
earnings, and the zero line of earnings represent such earnings targets (e.g., Cazavan-Jeny et al. 
2011; Dinh et al. 2016). We calculate two adjusted earnings figures if all R&D is (i) expensed, 
or (ii) capitalized. EMSuspect equals 1 if at least one motive for opportunistic R&D capitaliza-
tion is present, that is, if at least one of the three earnings targets is larger than adjusted earn-
ings assuming full R&D expensing, but smaller than adjusted earnings assuming full capitaliza-
tion. We split our sample based on EMSuspect and reanalyze Eq. (1) for the two subsamples 
separately. In the robustness checks, we further identify suspect firms based on whether actual 
capitalization decisions led to achieving earnings targets. The regression coefficients in the two 
subsamples provide evidence on whether the relation between the current R&D capitalization 
rate and future innovation performance differs with earnings management incentives.

5  Sample description

We obtain data on patent applications and patent citations from the European Patent 
Office’s Worldwide Patent Statistical Database (PATSTAT). We identify patent applica-
tions for our sample firms based on search engine logic.16 Information on R&D activities 

(3)

InnoPerfi,t + 1 + m = �0 + �1CAPRatei,t(inst) + �2RDint
�
i,t

+ �3CAPRatei,t(inst) ∗ RDint
�
i,t

+ �4MB
i,t + �5SIZEi,t + �6AGEi,t + �7LEVi,t

+ �8PROFi,t + IND + YEAR + �
i,t

16 Similar to Von Graevenitz et al. (2013), we used the name of each company as idiosyncratic characteris-
tic and incrementally refined our keyword set.
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are hand-collected from firms’ annual reports. All other data is obtained from Refinitiv 
Eikon.

5.1  Sample selection

Our sample comprises all German public firms that were listed in the main stock market 
indices DAX, MDAX, or TecDAX at least once during the period 2000–2012. We use pat-
ent data until 2019, since patent information is observed with a time lag of up to 6.5 years. 
Firms are categorized in 19 different industries according to the Industry Classification 
Benchmark (ICB) (super sector level). We exclude the financial sector where R&D invest-
ments are of minor importance. The initial sample comprises 2275 firm year observations 
for 114 unique firms. We exclude 460 firm year observations that are not based on IFRS 
and 405 inactive firm year observations (e.g., pre-IPO, merger, bankruptcy, delisting). We 
exclude 592 firm year observations without R&D activities or no information thereon and 
120 firm year observations due to missing data. The final sample comprises 698 firm year 
observations for 114 unique firms.

We create two subsamples based on whether a firm has incentives to use R&D capi-
talization to meet analysts’ consensus earnings forecasts, prior year’s earnings, and zero 
earnings. 409 firm year observations (58.6%) are categorized as non-suspect observations, 
and 289 firm year observations (41.4%) are categorized as suspect observations. Dinh et al. 
(2016) categorize 48.4% of capitalizing firms as suspect firms, which is similar to our 
classification.17

5.2  Descriptive statistics

The mean capitalization rate in our sample is 17.7% (Table 1) and ranges from 0% (mini-
mum) to 98% (maximum) of R&D expenditures. CAPRate is significantly higher in non-
suspect than suspect firms (19.5% vs. 15.2%; p < 0.01). Mean total R&D expenditures are 
EUR 349 million and average R&D intensity is 8.3% of sales, which demonstrates that 
R&D investments are highly relevant in our sample. Mean R&D expenditures (EUR 433 
million vs. EUR 289 million; p < 0.05) and RDint (10.4% vs. 6.9%; p < 0.01) are signifi-
cantly higher among suspect firms. The sample firms are highly innovative, with an aver-
age of 151.7 patent applications per year, and 85.3 patent citations during the first 5 years 
after patent publication.

Table 2 shows Spearman rank (Bravais-Pearson) correlation coefficients above (below) 
the diagonal for the main variables. PA and PC are significantly correlated. We do not find 
evidence for a uniform relationship between CAPRate and PA and PC, except for a sig-
nificant Spearman correlation between CAPRate and PC. Consistent with the notion that 
RDint influences the relation between the R&D capitalization rate and future innovation 
performance, RDint is significantly correlated with PA and PC, except for the Bravais-Pear-
son correlation between RDint and PC. Accordingly, CAPLevel is significantly correlated 

17 García Osma and Young (2009) follow a similar approach and examine accruals-based earnings manage-
ment in a sample of U.K. firms. Based on the incentive to meet or beat prior year earnings or zero earnings, 
they separately identify 5.9% and 13.1% of firms as suspect based on either measure, but do not include 
analysts’ earnings forecasts. Bushee (1998) focuses on real earnings management by examining whether a 
firm can meet or beat prior year earnings by cutting R&D and categorizes 17.7% of observations as suspect 
firms in a U.S. sample.
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Table 1  Descriptive statistics for main variables

Variable N Mean Median Std. Dev Min Max Difference (t-stat.)

PA 698 0.043 0.02 0.08 0.00 0.54  − 0.007
 Non-suspect 

firms
409 0.040 0.01 0.08 0.00 0.54 (− 1.10)

 Suspect firms 289 0.047 0.02 0.07 0.00 0.54
PC 698 0.025 0.01 0.06 0.00 0.39  − 0.004
 Non-suspect 

firms
409 0.024 0.01 0.06 0.00 0.39 (− 0.89)

 Suspect firms 289 0.027 0.01 0.06 0.00 0.39
RDeffort 698 349,000 K 39,900 K 939,000 K 18 K 7,200,000 K  − 144,000 K
 Non-suspect 

firms
409 289,000 K 31,400 K 849,000 K 18 K 7,200,000 K (− 2.00**)

 Suspect firms 289 433,000 K 45,400 K 1,050,000 K 2,988 K 5,930,000 K
CAPRate 698 0.177 0.09 0.22 0.00 0.98 0.044
 Non-suspect 

firms
409 0.195 0.07 0.25 0.00 0.98 (2.62***)

 Suspect firms 289 0.152 0.10 0.17 0.00 0.85
RDint 698 0.083 0.05 0.15 0.00 1.00  − 0.035
 Non-suspect 

firms
409 0.069 0.03 0.13 0.00 1.00 (− 3.13***)

 Suspect firms 289 0.104 0.06 0.16 0.00 1.00
CAPLevel 698 0.009 0.00 0.02 0.00 0.18  − 0.002
 Non-suspect 

firms
409 0.008 0.00 0.02 0.00 0.18 (− 1.36)

 Suspect firms 289 0.010 0.00 0.01 0.00 0.08
MB 698 2.326 1.83 2.07 0.19 26.99 0.281
 Non-suspect 

firms
409 2.442 1.83 2.39 0.19 26.99 (1.77*)

 Suspect firms 289 2.161 1.83 1.49 0.25 9.25
SIZE 698 21.117 20.88 2.12 16.07 26.22 0.346
 Non-suspect 

firms
409 21.260 21.00 2.18 16.07 26.22 (2.13**)

 Suspect firms 289 20.914 20.66 2.02 16.64 25.85
AGE 698 4.098 4.44 0.94 1.39 5.54  − 0.024
 Non-suspect 

firms
409 4.089 4.41 0.96 1.39 5.54 (− 0.33)

 Suspect firms 289 4.111 4.48 0.92 2.08 5.53
LEV 698 0.574 0.60 0.20 0.05 1.81 0.027
 Non-suspect 

firms
409 0.585 0.61 0.20 0.05 1.81 (1.78*)

 Suspect firms 289 0.558 0.59 0.19 0.09 0.90
PROF 698 0.057 0.07 0.15  − 1.24 0.79 0.006
 Non-suspect 

firms
409 0.060 0.07 0.17  − 1.24 0.55 (0.50)

 Suspect firms 289 0.054 0.06 0.12  − 0.49 0.79
CROSS 698 0.287 0.00 0.95 0.00 9.00 0.017
 Non-suspect 

firms
409 0.293 0.00 0.96 0.00 9.00 (0.23)
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with PA and PC, except for the Spearman correlation between CAPLevel and PC. The Bra-
vais-Pearson correlation coefficient for PROF and PC is significant and positive. Since the 
correlation coefficients are below the critical thresholds, multicollinearity is unlikely to be 
a problem in our sample. Unless otherwise noted, Variance Inflation Factors (VIFs) are 
below the conservative threshold value 5 in the analyses, which supports this inference.

6  Regression results

6.1  R&D capitalization and innovation performance

Table 3 presents the results for regressing Eqs. (1)–(3) about the effect of R&D capitaliza-
tion on future innovation performance measured by patent applications PA (panel A) and 
patent citations PC (panel B).18 Panel A columns (1)–(3) present regression results for test-
ing the unconditional effect of capitalized R&D without considering the influence of R&D 
intensity. In column (1), the coefficient on CAPRate is not significant while RDint is sig-
nificant and positive (0.085, p < 0.05) in an OLS analysis. In column (3), the coefficients on 
CAPRate (0.050, p < 0.05) and RDint (0.098, p < 0.05) are both significant and positive in a 
2SLS model, consistent with H1. Column (2) presents the first stage results for instrument-
ing CAPRate.

We present our main results from Eq. (1) in column (4) and from Eq. (3) in column (6) 
to test whether capitalized R&D is positively related to future innovation performance (H1) 
and whether this association is positively moderated by firms’ R&D intensity (H2). The 
first stage results for the 2SLS model (Eq. 2) are presented in column (5). In both columns 

Table 1  (continued)

Variable N Mean Median Std. Dev Min Max Difference (t-stat.)

 Suspect firms 289 0.277 0.00 0.94 0.00 9.00
BOARDIND 698 0.464 0.00 0.72 0.00 2.00 0.054
 Non-suspect 

firms
409 0.487 0.00 0.73 0.00 2.00 (0.97)

 Suspect firms 289 0.433 0.00 0.72 0.00 2.00

This table reports the mean, median, standard deviation, minimum and maximum for our main variables 
based on a sample of 698 firm year observations of innovation performance obtained for IFRS firms listed 
in the main German stock indices during the period 2000–2012. This sample is then split into 289 firm year 
observations suspect of earnings management and 409 firm year observations, that are not suspect of earn-
ings management and descriptive statistics are presented for these subsamples separately. The last column 
presents the difference and t-statistics for the subsamples. PA and PC are winsorized at 99% and 1%. Vari-
able definitions can be found in the Appendix
K = 1.000 EUR
***, **, and * Denote significance at the 1%, 5% and 10% levels, respectively. Significance tests are based 
on a two-tailed test with robust standard errors

18 Untabulated analyses for the effect of RDint find that the coefficient on RDint is significant and positive 
in the analysis of PA (0.075, p < 0.05 one-tailed), but insignificant in the analysis of PC. These results indi-
cate that R&D expenditures are a prerequisite for innovation but provide insufficient information to estimate 
future innovation success.
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(4) and (6), the coefficients on CAPRate (0.094; p < 0.01) and CAPRate(inst) (0.144; 
p < 0.01) are highly positively significant, in support of H1. Also, the coefficients on the 
interaction CAPRate*RDint (1.701; p < 0.01) and CAPRate(inst)*RDint (2.555; p < 0.01) 
are significantly positive, which supports H2 and indicates that R&D capitalization of 
firms with greater R&D activities is more strongly associated with future innovation per-
formance. In the presence of a significant interaction, regression estimates of a conditional 
regression including the interaction effect are more meaningful than regression estimates 
of an unconditional regression (Hayes 2013, pp. 319). We hence focus on the contingent 
effect of the rate of R&D capitalization on future innovation performance presented in col-
umns (4) and (6) to evaluate H1 and H2.

Since RDint is mean-centered, the coefficient on CAPRate reflects the conditional effect 
of CAPRate on PA when RDint is at the sample mean (0.083) and indicates that CAPRate 
is positively related to future innovation performance for the average firm. The conditional 
effect of RDint on PA is significantly positive (0.089, p < 0.01). Based on the average capi-
talization rate of 0.177, an increase of RDint by one percentage point, is related to 0.391 
more patent applications per million total assets (assuming that CAPRate is constant, such 
that additional R&D investments have identical success potential as existing R&D invest-
ments). Significant control variables carry the expected signs. Results in the 2SLS regres-
sion model following Eq. (3) are qualitatively equivalent to the OLS regression results and 
H1 and H2.

Columns (7)–(9) in panel A present the results for the effect of CAPLevel on PA. Con-
sistent with H1 and H2, the coefficient on CAPLevel (1.103, p < 0.01) is significant and 
positive in column (7). To address endogeneity concerns, we estimate a 2SLS regres-
sion model, where we use the lagged capitalization level (LagCAPLevel) instead of Lag-
CAPRate as the main instrument in the first stage. First (second) stage results are presented 
in column (8) (column (9)). The results are qualitatively equivalent to the OLS regression 
results and CAPLevel(inst) (2.02, p < 0.01) is significantly positively associated with PA in 
column (9).

Table  3 panel B presents results for regression analyses of the association of R&D 
capitalization and future innovation performance measured by patent citations PC. Col-
umns (1)–(3) present regression results for testing the unconditional effect of capital-
ized R&D. The coefficient on CAPRate in column (1) is weakly significant and positive 
(0.020, p < 0.10). The unconditional effect of CAPRate in the 2SLS model presented in 
column (3) is significant and positive (0.029, p < 0.05). In columns (4) and (6), we find a 
significantly positive coefficient on CAPRate (0.055, p < 0.05) and CAPRate(inst) (0.063, 
p < 0.01). Given the average CAPRate of 0.177, an increase of RDint by one percentage 
point is related to a 0.173 increase of the number of patent citations per million of adjusted 
total assets for firms with an average R&D capitalization rate. In columns (7) and (9), we 
find a significant positive effect of CAPLevel (0.543, p < 0.05) and CAPLevel(inst) (0.710, 
p < 0.05). Overall, the results for PC are qualitatively equivalent to the results for PA and 
support H1 and H2.

Table  3 panel C presents the results of the Johnson-Neyman Technique. For PA, 
there are two transition points of RDint at which an insignificant (significant) overall 
effect of CAPRate on future PA, conditional on levels of RDint, turns significant (insig-
nificant) (0.015 and 0.046, p < 0.10). When RDint is smaller (higher) than or equal to 
0.015 (0.046), the conditional effect of CAPRate on PA is significantly negative (posi-
tive), while there is no significant conditional effect of CAPRate on PA when RDint is 
between 0.015 and 0.046. In our sample, firms with RDint below 0.015 (e.g., Lufthansa, 
Deutsche Telekom, and RWE) primarily engage in software development projects. 
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These typically do not result in patent applications, which may explain the negative 
effect of CAPRate on PA. In our sample, the conditional effect of CAPRate on PA is sig-
nificantly positive for 433 firm year observations compared with 158 observations with 
a significantly negative conditional effect. This suggests that CAPRate generally serves 
as a positive leading indicator for future quantitative innovation performance in indus-
tries with higher R&D intensity. For PC, the Johnson-Neyman Technique identifies two 
transition points of RDint at 0.001 and 0.045 (p < 0.10) for the effect of CAPRate. Con-
sistent with the results for PA, the conditional effect of CAPRate on PC is significantly 
positive for RDint above 0.045, and significantly negative below 0.001, while there is no 
significant conditional effect when RDint is above 0.001 but below 0.045.

6.2  R&D capitalization and earnings management

To examine whether the relation between a firm’s R&D capitalization rate and future 
innovation depends on earnings management incentives (H3), we analyze the effect of 
CAPRate on PA and PC for firms suspect and not suspect of earnings management sepa-
rately. The sample split is based on the dummy variable EMSuspect, which equals 1 if 
a firm has incentives to use R&D capitalization to meet earnings benchmarks. Table 4 
panel A presents regression estimates for the effect of CAPRate on PA for the two sub-
samples. Columns (1) and (2) present OLS (Eq. 1), and columns (3)–(6) present the cor-
responding 2SLS estimates (Eqs. 2 and 3). In columns (1) and (2), we continue to find 
a significantly positive coefficient on CAPRate for non-suspect firms (0.114; p < 0.01), 
whereas there is no significant association for suspect firms. The interaction of CAPRate 
and RDint is significantly positive for non-suspect firms (2.021, p < 0.01) and only mar-
ginally significant for suspect firms (1.216, p < 0.10). The 2SLS estimates presented in 
columns (4) and (6) show equivalent results: we find a significant positive coefficient on 
CAPRate (0.165, p < 0.01) and a significant positive interaction effect of CAPRate and 
RDint (2.841, p < 0.01) for non-suspect firms (column (4)). For suspect firms, the coef-
ficients for CAPRate (0.114, p < 0.10) and the interaction of CAPRate and RDint (2.681, 
p < 0.10) are only marginally significant (column (6)). Columns (3) and (5) show the 
first stage results in the subsamples.

Table 4 panel B presents the results for the two subsamples when using PC as the 
dependent variable. The results are largely equivalent to panel A. OLS results are pre-
sented in columns (1) and (2). We find a significantly positive main effect of CAPRate 
(0.071, p < 0.01), and a significantly positive interaction effect between CAPRate and 
RDint (1.160, p < 0.01) for non-suspect firms only. In columns (4) and (6), we find a 
significantly positive coefficient on instrumented CAPRate(inst) (0.081, p < 0.01) and 
a significantly positive interaction effect between CAPRate and RDint (1.121, p < 0.05) 
for non-suspect firms. In the suspect subsample, only the interaction is marginally sig-
nificant (0.898, p < 0.10). Overall, the results provide consistent support for H3 and 
indicate that the R&D capitalization rate is only related to future patent applications for 
firms that are not suspect of earnings management.

In summary, our evidence is consistent with the hypotheses: the R&D capitalization 
rate is positively related to future innovation performance and this relationship is mod-
erated by R&D intensity. Moreover, we find that the current R&D capitalization rate 
is related to future innovation performance for firms that are not suspect of earnings 
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management, but not reliably for suspect firms. These results hold for both our quantita-
tive and qualitative measure of future innovation performance.

7  Additional analyses and robustness

We conduct several sensitivity tests to examine the robustness of our main results. First, 
we test whether our results are robust to more restrictive procedures for identifying sus-
pect observations. (1) We categorize firm year observations as suspect if hypothetical full 
expensing leads to adjusted earnings that are smaller than zero, prior year’s earnings, or 
analysts’ consensus earnings forecast, but reported earnings are larger than these earnings 
targets. (2) We further consider whether the R&D capitalization rate is higher than in the 
previous year. (3) We compare the current capitalization rate to the industry average. Our 
results are robust to these alternative classification rules, that lead to an increase of non-
suspect observations to 89.3%, 93.6%, and 93.0% respectively. Table 5 panel A presents 
the OLS coefficients and t-statistics for Eq. (1) for CAPRate and the interaction between 
CAPRate and RDint in the analysis of PA in columns (1) and (2), and second stage 2SLS 
coefficients (Eq. 3) in columns (3) and (4). We consistently find significant and positive 
coefficients for CAPRate and the interaction between CAPRate and RDint in the non-sus-
pect subsample. Conversely, for suspect firms, the coefficients are not significant with the 
exception of the interaction between CAPRate and RDint in the OLS model for classifica-
tion rule (2) (− 2.046, p < 0.1). Table  5 panel B summarizes the results for the analyses 
of PC. Across all model specifications, we consistently find significant and positive coef-
ficients for CAPRate and the interaction between CAPRate and RDint in the non-suspect 
subsample, while there are no significant effects in the suspect subsamples.

Second, following prior research (e.g., Gu 2005), we re-estimate Eqs.  (1) and (3) for 
different variants of our dependent variables PA and PC (untabulated). For PA, our infer-
ences remain unaffected when we use longer time lags for innovation performance (PAt+3.5, 
PAt+4.5). For PC, our results are robust to using longer time lags (PCt+8.5, PCt+9.5) in the 
full sample except that we do not find a significant interaction effect of CAPRate and 
RDint on PCt+9.5 in the 2SLS model. We further use the natural logarithm of PA and PC 
instead of deflating patent measures by the firm’s adjusted total assets and find that our 
results for lnPA are robust to this alternative variable definition, except that the coefficient 
on CAPRate in the 2SLS analysis of the suspect subsample is insignificant. For lnPC, the 
coefficient on CAPRate is not significant in the OLS and 2SLS analyses of the full and the 
non-suspect sample. Our results for the effect of CAPLevel on PA and PC are also robust to 
including expensed R&D as an additional control. Untabulated results find that expensed 
R&D is only significant in the OLS analysis of PA.

Since IFRS was voluntary prior to 2005, we also rerun our analyses for the manda-
tory IFRS period (2005–2012) to address potential self-selection biases. Our main results 
in the reduced sample (575 firm year observations; 58.4% non-suspect observations) are 
inferentially equivalent. The results are also robust to winsorizing all variables at the 1st 
and 99th percentile. We also examine incremental innovation in a change model. Untabu-
lated regression results find a significantly positive relation of changes in CAPLevel and 
CAPRate with changes in future PC. These results imply that more capitalized R&D leads 
to more additional future innovation.

Above, we noted that prior research finds a positive association of patents and future 
performance as a foundation for our hypotheses development (Sect.  3). We verify this 
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result for our sample and analyze if patent applications and patent citations are indeed posi-
tively related to future firm performance. We regress changes in future operating earnings 
on PA and PC for years 1–5 (e.g., Gu 2005). PA and PC in t are significantly positively 
associated with changes in operating earnings in t + 3, t + 4, and t + 5 (untabulated), which 
indicates that innovation performance is positively related to future firm performance, con-
sistent with prior research.

Moreover, we follow prior literature and analyze the association of R&D capitalization 
and future profitability (Dinh and Schultze 2022; Mazzi et al. 2019). We regress current 
capitalized R&D and current expensed R&D on changes in future operating earnings for 
years 1 to 5, expecting that current R&D should generate future earnings growth. We con-
trol for firm leverage (LEV), firm size (SIZE), internationalization, and agency conflicts 
(CROSS, US, SUPERVISION) (Mazzi et al. 2019). Results for the full sample are displayed 
in Table 6. Panel A presents OLS results. Since capitalized R&D and expensed R&D may 
be endogenously related, we follow Canace et al. (2018) and estimate a two stage model. 
We treat current capitalized R&D and current expensed R&D as jointly determined and 
separately estimate current capitalized R&D and current expensed R&D to derive expected 
capitalized R&D and expected expensed R&D in the first stage:

Table  6 panel C presents first stage OLS results for instrumenting current capital-
ized (expensed) R&D based on current expensed (capitalized) R&D, lagged capitalized 
(expensed) R&D, cross listing, and board independence. In the second stage estimation of 
changes in future operating earnings, we then use predicted values for current capitalized 
R&D and current expensed R&D from the first stage:

Table 6 panel B presents the results of the instrumented regression model (6). In panel 
A, OLS regression estimates show that capitalized R&D in the current year are signifi-
cantly positively associated with the two- (5.338, p < 0.01; 2.261, p < 0.05), three- (5.928, 
p < 0.05; 2.945, p < 0.05), four- (5.068, p < 0.05; 3.916, p < 0.05), and 5-year-ahead (8.671, 
p < 0.05; 5.182, p < 0.05) changes in operating earnings (Table  6 panel A). In Panel B, 
we find that instrumented capitalized R&D is positively associated with the one- (3.064, 
p < 0.10), two- (7.616, p < 0.01), three- (5.569, p < 0.10), and 4-year-ahead (5.450, p < 0.10) 
changes in operating earnings. These findings indicate that capitalized R&D is, on average, 
associated with future benefits.

In both Panels A and B we also find that expensed R&D is positively associated 
with changes in future operating earnings for years + 1 to + 5, but with generally smaller 

(4)

RDcapitalizedi,t = �0 + �1RDexpensedi,t + �2LagRDcapitalizedi,t + �3CROSSi,t

+ �4BOARDIndi,t + �5LEVi,t + �6SIZEi,t + �7USi,t

+ �8SUPERVISIONi,t + �i,t

(5)

RDexpensedi,t = �0 + �1RDcapitalizedi,t + �2LagRDexpensedi,t + �3CROSSi,t

+ �4BOARDIndi,t + �5LEVi,t + �6SIZEi,t + �7USi,t

+ �8SUPERVISIONi,t + �i,t

(6)

earnings changei,t+x = �0 + �1RDcapitalized(inst)i,t + �2RDexpensed(inst)i,t + �3LEVi,t

+ �4SIZEi,t + �5CROSSi,t + �6USi,t + �7SUPERVISIONi,t

+ �i,t wherex ∈ {1,… , 5}
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coefficients than capitalized R&D. Whereas the positive association between capitalized 
R&D and future earnings confirms our expectation that capitalized R&D is informative 
about future economic benefits, the positive association between expensed R&D and future 
earnings indicates that a share of expensed R&D still contributes to future earnings. As 
prior research has shown and as our descriptive statistics indicate, some firms consist-
ently only capitalize very small portions of their R&D, which is often industry specific. 
For instance, in industries such as pharmaceuticals, R&D projects are often highly uncer-
tain and this uncertainty is only resolved very late in the development process, e.g., after 
clinical trials. This, in turn, leads to relatively low capitalization and hence large amounts 
of expensed R&D even though expensed R&D contributes to their future performance. 
Overall, these results are consistent with prior literature (Dinh and Schultze 2022; Mazzi 
et al. 2019) and indicate that both capitalized and expensed R&D are associated with future 
operating earnings, but the association is stronger for capitalized R&D.

When we split the sample and examine non-suspect and suspect firms separately, 
we find that R&D capitalization is significantly positively associated with future prof-
itability for non-suspect firms in all model specifications, except for the 1-year ahead 
change in earnings in the OLS and instrumented two stage model, and the five-year 
ahead change in earnings in the instrumented two stage model (Table 7). Conversely, 
for suspect firms, capitalized R&D is only weakly significant for the one-year-ahead 
change in earnings in the OLS (3.975, p < 0.10; Table 8 panel A) and instrumented two 
stage model (3.900, p < 0.10; Table 8 panel B). These results are consistent with a posi-
tive link between R&D capitalization and future earnings for firms that are not suspect 
of opportunistic R&D capitalization. Note that for suspect firms, VIFs are above the 
conservative threshold value 5 (but below 10) in the first stage analyses of 5-year ahead 
changes in earnings (Table 8 panel C).

8  Conclusion

This paper analyzes the relation between the current R&D capitalization rate and future 
innovation performance. Whereas prior research has primarily focused on capital mar-
ket effects, we focus on real economic benefits associated with R&D capitalization and 
contribute to the question whether R&D capitalization is indicative of future economic 
benefits. Our study thus also contributes to the continuing quest for a suitable measure of 
innovation performance in management research. Highly innovative firms offer profitable 
investment opportunities for investors but evaluating firms’ innovation potential is difficult. 
While timely information on innovation is scarce, R&D capitalization under IFRS may 
provide information about expected innovation success since development expenditures are 
capitalized if the firm can demonstrate future commercial and technical feasibility of the 
R&D investment, and success is highly likely. We use patent applications and patent cita-
tions as proxies for firms’ quantitative and qualitative innovation performance.

Our results indicate that the current R&D capitalization rate is positively related to 
future innovation performance for firms not suspect of using R&D capitalization to meet or 
beat earnings targets. This implies that when firms do not have incentives to manage earn-
ings, the current R&D capitalization rate contains valuable information about the prospects 
of current R&D projects. Consequently, R&D capitalization is informative for predicting 
future innovation performance. Our results imply that the rate of R&D capitalization is 
a leading indicator for future innovation performance and (potential) investors can use 
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capitalized R&D to evaluate a firm’s future innovation performance. As such, by allow-
ing firms to capitalize R&D projects with high success potential, standard setters provide 
market participants with additional information since firms can use R&D capitalization to 
reveal private information about expected innovation success.

We acknowledge a number of limitations in our study. Our measures of innovation 
performance, though consistent with prior literature, only reflect a part of all innovation 
because not all inventions are patentable or patented (Archibugi 1992; Griliches 1990). 
Since patent applications require disclosure of technology and cause application as well 
as potential infringement costs, some firms choose secrecy over patents to protect their 
inventions (Cohen et al. 2000; Hussinger 2006). While some authors consider this a minor 
limitation (Trajtenberg et  al. 1997), new products and new product announcements may 
be a more comprehensive measure of innovation performance (e.g., Chaney et  al. 1991; 
Pauwels et al. 2004). We encourage future research to extend our study by using alternative 
measures of innovation performance.

Appendix

See Table 9.

Table 9  Description of variables

Variable Description (firm i, time t)

AGEi,t Firm i’s age at time t measured by the natural logarithm of age in years since founding
BOARDIndi,t Proxy of agency conflict where BOARDIndi,t equals 0/1/2 if the former CEO is not a 

member of the supervisory board/is a member of the supervisory board/is the chair-
man of the supervisory board

CAPLeveli,t Firm i’s capitalization level at time t calculated as capitalized R&D expenditures 
divided by sales

CAPRatei,t Firm i’s capitalization rate at time t calculated as capitalized R&D expenditures 
divided by total R&D expenditures

CROSSi,t Number of countries firm i’s stock is listed in at time t
EMSuspecti,t Is a dummy variable indicating whether a motive for using R&D capitalization to 

manage earnings is present in firm i at time t
SUPERVISIONi,t Firm i’s board independence at time t measured on a four-point scale, where 

SUPERVISIONi,t equals 0/1/2/3 if no/at least 1/3 / ½ / at least ½ of board members 
are non-executives

IND Is a vector of dummy variables indicating in which industry the firm was operating in 
at time t

InnoPerfi,t Proxy of future innovation performance for firm i at time t (PA or PC)
LagCAPLeveli,t Firm i’s lagged capitalization level at time t calculated as capitalized R&D expendi-

tures at time t-1 divided by sales at time t-1
LagCAPRatei,t Firm i’s lagged capitalization rate at time t calculated as capitalized R&D expendi-

tures at time t-1 divided by total R&D expenditures at time t-1
LagRDcapitalizedi,t Firm i’s lagged total capitalized R&D at time t calculated as capitalized R&D at time 

t-1 divided by total assets adjusted for R&D  capitalizationb at time t-2
LagRDexpensedi,t Firm i’s lagged R&D expenses at time t calculated as expensed R&D D at time t-1 

divided by total assets adjusted for R&D  capitalizationb at time t-2
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Table 9  (continued)

Variable Description (firm i, time t)

LEVi,t Firm i’s leverage at time t calculated as (total assets adjusted for R&D  capitalizationa 
minus book value of equity adjusted for R&D  capitalizationb) divided by total assets 
adjusted for R&D  capitalizationb

lnPAi,t Natural logarithm of firm i’s number of patent applications at time t
lnPCi,t Natural logarithm of firm i’s adjusted patent citations at time t received for filed patent 

applications in the first 5 years
MBi,t Firm i’s market-to-book equity ratio at time t, with book value of equity adjusted for 

R&D  capitalizationc

PAi,t Number of firm i’s patent applications at time t, deflated by total assets adjusted for 
R&D  capitalizationb

PCi,t Firm i’s adjusted patent citations at time t received for filed patent applications in the 
first 5 years, deflated by total assets adjusted for R&D  capitalizationb

PROFi,t Firm i’s profitability at time t measured by return on  assetse calculated as earnings 
before interest and taxes adjusted for R&D  capitalizationa divided by total assets 
adjusted for R&D  capitalizationb

RDcapitalizedi,t Firm i’s total capitalized R&D at time t calculated as capitalized R&D divided by total 
assets adjusted for R&D  capitalizationb at time t-1

RDefforti,t Firm i’s total R&D expenditures at time t calculated as R&D expenses plus capitalized 
R&D expenditures

RDexpensedi,t Firm i’s R&D expenses at time t calculated as expensed R&D divided by total assets 
adjusted for R&D  capitalizationb at time t-1

RDinti,t Firm i’s R&D intensity at time t calculated as total R&D expenditures divided by sales
RDinti,t’ Firm i’s mean-centered R&D intensity at time t calculated as total R&D expenditures 

divided by sales less mean R&D intensity in our sample

SIZEi,t Firm i’s size at time t measured by the natural logarithm of total assets adjusted for 
R&D  capitalizationb,e

SUPERVISIONi,t Firm i’s board independence at time t measured on a four-point scale, where 
SUPERVISIONi,t equals 0/1/2/3 if no/at least 1/3 / ½ / at least ½ of board members 
are non-executives

USi,t Is a dummy variable indicating whether firm i is listed on a U.S. exchange at time t
YEAR Is a vector of dummy variables indicating the year t
a Earnings before interest and taxes—(current capitalized R&D—current amortization/write-off of capital-
ized R&D)
b Total assets—(accumulated capitalized R&D—accumulated amortized R&D)
c Book value of equity—(accumulated capitalized R&D—accumulated amortized R&D)
d Net income—(current capitalized R&D—current amortization/write-off of capitalized R&D)
e For robustness checks: SIZE is alternatively measured as the natural logarithm of sales; PROF is alterna-
tively measured as return on equity (net income adjusted for R&D capitalization divided by book value of 
equity adjusted for R&D  capitalization2)
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